Abstract. Using ideas underlying the flavour-blind "Nijmegen Unitarised Meson Model" (NUMM) [1, 2, 3] we try to understand on the basis of a system of Schrödinger equations with one mesonmeson and one (spinless) quark-antiquark channel coupled by a simple delta-shell transition potential the formation of (e.g. scalar) meson-meson scattering singularities in the complex momentum and energy plane. Surprisingly we are able to describe without direct meson-meson interaction and without any need for glueballs the whole known scalar meson spectrum. "Light" scalar mesons (e.g. f 0 (600), κ(800), f 0 (980), a 0 (985), D * 0 (2290), . . .) are identified to belong to the spectrum of the transition potential, while "heavy" scalars (e.g.
Hadronic excitations with scalar quantum numbers are a topic of heated dispute [9] . Unitarized coupled channel approaches as the one discussed here (see e.g. Ref. [10] and references therein) are particularly useful to understand the non-perturbative formation and nature 1 of (e.g. scalar) meson-meson scattering singularities in the complex momentum or energy plane, which then may enter as effective degrees of freedom with complex mass and coupling parameters effective Lagrangians describing -according to the "bootstrap" idea -meson-meson scattering already at tree level 2 . For a spherically symmetric situation we couple -in the simplest case -one Schrödinger equation describing a "bound" quark-antiquark system (confining potential V B (r)) to one Schrödinger equation describing a meson-meson scattering continuum by a transition potential denoted by V T (r). I.e., we consider the the following coupled system of radial Schrödinger equations (k := k S := (2 µ S (E − E (0)
with ψ S (0) = 0 and ψ B (0) = 0. Even though a majority of publications is trying to find the source of "light" scalars in the meson-meson scattering potential V S (r), we are disregarding this interaction in what follows completely (i.e. we set V S (r) = 0). The conveniently normalized 3 eigensolutions φ n,ℓ (r) of the "bound" system for vanishing transition potential (i.e. V T (r)=0) correspond to the respective eigenvalues k B,n,ℓ = (2 µ B (E B,n,ℓ − E (0) B )) 1/2 . After integrating the "bound" problem using a Green function 4 G ℓ (r, r ′ ; E − E (0) B ) and reinserting it into the "scattering" problem we arrive at the following generalized scattering problem (with
. Now we will approximate astonishingly well the 3 
being the relativistic meson-meson phasespace, and hence reduce the generalized scattering problem to a (radial) scattering problem at an effective δ -shell described by the Schrödinger equation , a; 0) ) the dimensionless coupling g displays the structure of the "Resonance Spectrum Expansion" (RSE) [16] of Rupp & van Beveren:
By construction there holds
The original idea of the RSE [16] was to consider the parameters B n,ℓ , E B,n,ℓ , λ ℓ as free parameters to fit selective meson spectra conveniently. Empirically it has become clear [16, 17] that the parameters λ ℓ and B n,ℓ should be considered as "universal" for many different meson spectra provided the product a √ µ B is kept "universal" 5 . In the results displayed below we adopted the philosophy of the NUMM to describe all meson-spectra on the 3 Orthonormality:
wide range of vector meson spectra. This transition potential was a simplified version of the harmonic oscillator form of the 3 P 0 transition potential inferred by G. Rupp [1] and successfully applied within the NUMM [1, 2, 3] 
The flavour-blindness [10] of QCD is reflected here not only by the recoupling coefficients c i j (or V int ) [1, 2, 3, 18] but also by the "universal" values for ρ 0 and ω ((µ B ω) −1/2 has the basis of a harmonic oscillator potential 6 with an "universal" oscillator frequency ω = 190 MeV, and constituent quark masses [14] 
. As in Ref. [16] we will choose for the description of scalar mesons (L = 0) a RSE with two P-wave (ℓ = 1, N = 1) bare quark-antiquark (′ ) states in each meson-meson ( M M ′ ) scattering channel. Hence, the respective RSE resonance condition to be solved in each meson-meson scattering channel is
Up to now the bare groundstates of the harmonic oscillator have to be determined empirically. Here we choose 9 E B,0,1 = 1310 MeV [16] for S-wave ππ-, KK(I = 0)-, πK-, πη nn -scattering, E B,0,1 = 2440 MeV for S-wave Dπ-scattering, and E B,0,1 = 2545 MeV [17] for S-wave DK-scattering. a us andρ are then determined such that for given λ the mesons κ(800) (pole-position (714 − i 228) MeV [16] ) and f 0 (980) (pole-position 980 MeV) are reproduced simultaneously. In a good approximation f 0 (980) is here assumed to be purely strange [15] . In using m π = 140 MeV and m K = 494 MeV we obtain the approximate result a us ≃ 2.55357 GeV 
S . 6 For the harmonic oscillator potential V B (r) = 
Here we defined an "universal" parameterρ := a (µ B ω) 1/2 , while I ν (z) and K ν (z) are modified Bessel functions, and L 
Note that a nn
√ µ uū = a ss √ µ ss = a us √ µ us = a cs √ µ cs = a cd √ µ cd with µ′ := m q mq ′ /(m q + mq ′ ).
9 Note that k ≃ 766 MeV ≃ 4ω resulting from E B,1,1 seems to be to a good approximation "universal". 10 For S-wave ππ-, KK(I = 0)-, πK-, πη nn -, Dπ-, and DK-scattering we find the following pole positions in the complex energy plane: ππ-scattering: starts for λ = 0 (⇒ g = 0) a δ -shell pole trajectory at K = π/2 − i ∞. For g → ∞ this pole should behave like a particle in a box and end up at K → π. Instead, it collides for increasing λ with the pole stemming from the bare groundstate of the confinement problem and gets deflected either to the "left" (πK, Dπ) or to the "right" (DK) 11 .
(E dressed ). 11 Consequently, the origin of "light" scalar mesons, the strong distortions of the groundstates of the "observed" confinement spectrum, and the absence of "light" non-scalar mesons for realistic transition potentials (due to the centrifugal barrier) get a nice explanation. The flavour content for f 0 (600), f 0 (980), f 0 (1370), f 0 (1500) is well consistent with Ref. [15] , while observed pole-positions correspond nicely to values obtained for a realistic transition potential [3] . The too large imaginary part of the f 0 (600) pole is an artefact of the used one-channel model. Furthermore, we observe a twofold nature of the f 0 (1710) being at the same time nn (relation to f 0 (600)) and ss (relation to f 0 (980)). The BABAR state D s (2317) [5] and BELLE state D * 0 (2290) [20] are reproduced, while the respective next higherlying states are predicted to Shortly we address effective Lagrangian approaches: scalar mesons are characterized within a Lagrangian close to bootstrap typically by complex mass and coupling parameters to be determined by a coupled channel approach. The formalism to describe fields within a non-Hermitian Lagrangian has been provided [6, 7, 8] . The QCD-Lagrangian has been mapped [6] into a QLLσ M-Lagrangian replacing the gluon-quark interaction g q c + (x) A(x) q − (x) by a non-Hermitian meson-quark interaction. The resulting scalarmeson-quark interaction i 2 N F /N c g q c + (x) S(x) q − (x) yields an asymptotic free theory which is PT -symmetric [21] admitting a real spectrum and a probability interpretation.
